INTRODUCTION {#sec1-1}
============

One of the significant functions of the kidney is regulatory impact on the bone metabolism by enabling active Vitamin D production. Hypocalcemia arises as a result of phosphate retention and calcium loss in kidneys in chronic renal failure; this situation stimulates parathyroid hormone release and leads to secondary hyperparathyroidism (HPT). Low serum calcium and high phosphate concentration cause progressive bone loss with calcium release from bone by increasing the osteoclastic activity. Thus, skeletal changes occur.\[[@ref1]\]

Parathyroid hormone is defined as tunnel resorption, the earliest finding of osteoclastic response.\[[@ref2]\] This situation does not show any indications in conventional radiographies. First radiographic changes are seen as intracortical and sub-endosteal resorption areas.\[[@ref3]\] The earliest radiographic indication related to jawbones is the ground-glass appearance that emerges due to the replacement of the bone tissue by the connective tissue with cortical bone resorption, lamina dura, and trabecular bone loss.\[[@ref4]\] As a consequence of long-lasting HPT, osteitis fibrosa cystica or skeletal radiolucency areas are called as Brown tumor development.\[[@ref5]\]

The aim of this study was to compare the existence of gonial cortical bone thickness, antegonial index, mandibular canal bone resorption, gonial angle values, and pathologies like ground-glass appearance in jawbones and brown tumor in male patients undergoing dialysis due to chronic renal failure and men from the healthy control group on panoramic radiographs.

MATERIALS AND METHODS {#sec1-2}
=====================

Study population {#sec2-1}
----------------

The study consisted of 40 male dialysis patients (\[ages between 20 and 77, mean 47.30, standard deviation 15.20\] \[dialysis duration between 168 months and 4 months, mean 57.10 months and standard deviation 53.75\]), who were sent from Atatürk University, Faculty of Medicine, Department of Nephrology to Atatürk University, Faculty of Dentistry, Oral Diagnosis and Radiology Clinic because of their dental problems, and the healthy control group of 40 men (ages varying between 21 and 76, mean 44.55, standard deviation 13.56) who came to our clinic due to various dental problems and had no systemic diseases; 80 individuals in total. Approval was obtained from the Ethics Committee.

Imaging procedure {#sec2-2}
-----------------

All radiographs were performed by radiography technicians who had a minimum working experience of 5 years using an orthopantomography device (Planmeca Promax FIN-00880 \[Helsinki, Finland\]) and in compliance with the reference points on the device given by the manufacturer.

Image evaluation {#sec2-3}
----------------

The images were examined by two investigators (both of them, associated professor) at the same time. To check for the diagnostic reproducibility of the inter-reliability of the two investigators, 10% of the radiographs assigned by them were randomly examined each day for 3 consecutive days. Examination of results using the Wilcoxon matched pairs signed-rank test showed no statistically significant differences between the two observers, indicating diagnostic reproducibility. In addition, 10% of the remaining radiographs were selected at random and re-evaluated twice by the same examiners 6 weeks after the first evaluation. Intraexaminer reproducibility was found to be 96% and 90%, respectively. Gonial cortical bone thickness \[[Figure 1-d](#F1){ref-type="fig"}\], antegonial index \[[Figure 1-c](#F1){ref-type="fig"}\], and gonial angle \[[Figure 2-a](#F2){ref-type="fig"}\] measurements were conducted on right and left sides of the mandible separately, and average values were calculated. Mandibular canal wall resorption \[[Figure 2-b](#F2){ref-type="fig"}\] was separately examined on the right and left sides of the mandible; the ground-glass appearance \[[Figure 3](#F3){ref-type="fig"}\] and brown tumor were checked both in maxillary and mandibular bone.

![c - Antegonial index. The cortical width in the region anterior to the gonion at a point identified by extending a line of "best fit" on the anterior border of the ascending ramus, down to the lower border of the mandible; d - gonial cortical bone thickness. The median projection on angulus mandibula bisector of the angle from the parts formed tangents to rear edge of the ramus and to lower edge of the mandible on the orthopantomography](EJD-10-64-g001){#F1}

![a - Gonial angle measurement. The measurement site in the radiograph was determined to be a point on the mandibular border at the intersection of a line tangential to the most inferior points at the mandibular angle and the lower border of the mandibular body, and a line tangential to the posterior borders of the ramus and the condyle; b - mandibular canal wall resorption](EJD-10-64-g002){#F2}

![Ground-glass appearance](EJD-10-64-g003){#F3}

Statistical analysis {#sec2-4}
--------------------

The statistical analyses were assessed with the Student\'s *t*-test according to the heterogeneity of the variances, mandibular canal wall resorption with the Chi-square test, and pathologies such as ground-glass appearance and Brown tumor as "available" or "not available."

RESULTS {#sec1-3}
=======

There were statistically important differences between the antegonial index (*t* = 7.00, *P* \< 0.001) values of dialysis patients and the control group. Similarly, statistically important differences were observed between the two groups in terms of gonial cortical bone thickness (*t* = 8.26, *P* \< 0.001) and gonial angle (*t* = 5.13, *P* \< 0.001) values.

Mandibular canal wall resorption (χ^2^ = 8.26 *P* \< 0.001) was found statistically significant and the difference emerged as 77.5% in the patient group and 5% in the control group.

Pathology with ground-glass appearance was detected only in one individual from the patient group, and no pathologies like Brown tumor were encountered.

Average antegonial index values of the dialysis and control group individuals are given in [Table 1](#T1){ref-type="table"}, their average gonial cortical bone thickness values in [Table 2](#T2){ref-type="table"}, average gonial angle values in [Table 3](#T3){ref-type="table"}, and mandibular canal wall resorption values in [Table 4](#T4){ref-type="table"}.
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Gonial cortical bone thickness measurements of dialysis patients and the control group

![](EJD-10-64-g005)

###### 

Gonial angle of dialysis patients and the control group
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Mandibular canal wall resorption of dialysis patients and the control group values
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DISCUSSION {#sec1-4}
==========

Changes in the hormone mineral (Hormone-minerale) metabolism may lead to losses in the bone structure. The best-known examples of the metabolic bone losses are HPT, postmenopausal osteoporosis, and hypercortisonism. HPT is divided into two subgroups as primary and secondary. Secondary HPT is especially seen in patients with advanced renal failure.\[[@ref6]\] In these patients, bone resorptions, Brown tumors, fractures and skeletal deformities are the basic (main) clinical findings considerably influencing the life quality and lifetimes of the affected patients.\[[@ref7][@ref8]\] Only male patient and control groups were included in this study to prevent the effect of the hormonal changes in the menopausal period on the bone metabolism.

Bone resorptions and calcifications can easily be determined in panoramic radiograms.\[[@ref9]\] Panoramic radiographs are used to view the pathologies and cortical bone losses in jaws and teeth in the presence of chronic renal failure.\[[@ref10]\]

Gonial cortical bone thickness \<1 mm was interpreted as the radiographic indication of metabolic bone diseases.\[[@ref7][@ref11]\] In a study conducted with 59 (39 HPT and 20 control) individuals, a decrease was observed in the gonial cortical bone thickness in panoramic radiographs of the patient group.\[[@ref12]\] Gonial cortical bone thickness was found thinner than that of healthy individuals in a study made on a patient group with chronic renal failure.\[[@ref6]\] It was specified that the gonial cortical bone thickness was thinner in systemic osteoporosis as well.\[[@ref8]\] In another study, the gonial cortical bone thickness was found \<1 mm.\[[@ref13]\] Gavaldá *et al*.\[[@ref14]\] stated in their study that the gonial cortical bone was thinner in hemodialysis patients. In our study, the gonial cortical bone thickness was thinner in patients with renal failure compared to the control group, and it corresponded to the present studies.

Mandibular canal is mostly seen as radiolucency line that has a uniform width and borders as it surrounded by radiopaque walls.\[[@ref15]\] Vertical localization and status of the canal can be determined in panoramic radiographs.\[[@ref13]\] Mandibular canal wall resorption was observed only in one of 38 patients in the study conducted by Kelly *et al*.\[[@ref16]\] Gavaldá *et al*.\[[@ref14]\] revealed in their study that there were mandibular canal wall resorptions in hemodialysis patients. Kim and Park\[[@ref17]\] observed a complete or partial loss on the mandibular canal walls of 8 patients in their study including 31 secondary HPT patients, who underwent dialysis. In our study, mandibular canal wall resorption was encountered in 64 of 80 canals that belonged to 40 patients, and higher values were found compared to the present studies. Mandibular canal wall resorption studies were also carried out on different groups apart from renal disease. It was suggested in a study conducted on 128 men and women that the upper wall of the mandibular canal was more resorbed in edentulous women than edentulous men and canal wall resorptions could also be observed in systemic situations such as senility, asthma, and thyroid diseases.\[[@ref13]\]

No studies were discovered in the literature regarding the antegonial index in digital panoramic radiograms of the patients that underwent dialysis due to chronic renal failure. Rai *et al*.\[[@ref18]\] found a statistically significant difference between the antegonial index values in their study including 26 HPT patients and a healthy control group. However, Padbury *et al*.\[[@ref19]\] could not find any statistically significant difference between the antegonial index values in their study including 39 HPT patients and a healthy control group. In our study, a significant difference was found between dialysis patients and the control group in terms of antegonial index values. In addition, important differences were observed between the control group and patient group in many studies conducted on the mandibular cortical bones of the patient groups with chronic renal failure. It was specified that the cortical bones of the patient group were thinner.\[[@ref1][@ref11]\]

It was also stated that panoramic radiograms were a useful tool for measuring the mandibular gonial angles.\[[@ref20]\] Only one study was encountered in the literature regarding the mandibular gonial angle measurements of the patients with chronic renal failure. In this study, which had groups separated between the ages of 5 and 16 and was conducted through comparisons between 23 patients with chronic renal failure and control group, a decrease was observed in the gonial angle values in the 5--14 aged patient group and an increase in the gonial angle values of the 14--16 aged patient group.\[[@ref21]\] There was an important difference between the gonial angle values of the patient and control groups in our study. This difference may have resulted from the fact that gonial cortical bone thickness was thinner in the patient group. All the same, many studies were carried out between dentate-edentulous individuals, genders and different age groups. While no significant difference was found in gonial angle values in a group of studies,\[[@ref22][@ref23]\] significant differences were detected in others.\[[@ref24][@ref25]\]

Brown tumors emerge as a result of both primary and secondary HPT and secondary HPT is generally resulted from chronic renal failure. It has been determined that Brown tumor develops in 1.5--1.7% of the secondary HPT patients.\[[@ref26]\] Brown tumor is encountered in women 3 times more often than men.\[[@ref27]\] In a study conducted on 30 patients, who had received dialysis treatment for at least 3 years, Brown tumor was discovered in 4 patients,\[[@ref12]\] and radiolucency lesions that reminded of Brown tumor were observed in 2 of 38 patients in a study made by Kelly *et al*.\[[@ref16]\] The brown tumor development was seen only in one patient in the study, which was conducted by Queiroz *et al*.\[[@ref28]\] on 174 hemodialysis patients. Vidyullatha *et al*.\[[@ref29]\] found multiple small radiolucency areas in the posterior mandible of 2 patients in the study they implemented on 40 dialysis patients, and Brown tumor was detected in a patient from the patient group in a study that included 26 primary HPT patients and a control group.\[[@ref16]\] No Brown tumors were encountered in 74 patients with renal failure in the study made by Shakibaei *et al*.\[[@ref30]\] Henriques *et al*.\[[@ref11]\] could not determine Brown tumors in studies they conducted on HPT patients. No Brown tumors were seen in the study of Rani,\[[@ref31]\] too. In our study, no Brown tumors or similar pathologies were observed in patients and control groups. This situation may have arisen from the patient gender we chose.

In a study that consisted of only 90 male individuals (30 patient and 60 control), ground-glass appearance was observed in 30% of the secondary HPT patients, but no appearance was found in the control group.\[[@ref11]\] No lesions with ground-glass appearance were encountered in the study conducted on the patient group including 12 patients with chronic renal failure.\[[@ref6]\] In the study implemented by Henriques *et al*.\[[@ref12]\] on the patient with chronic renal failure, no pathologies with ground-glass appearance were discovered. Padbury *et al*.\[[@ref19]\] did not discover any pathology with a ground-glass appearance in their study that included HPT patients. In our study, ground-glass appearance was encountered only in one patient, but not seen in the control group. Parathyroid hormone value of this patient was 1000 pg/ml, and parathyroid adenoma was detected in this patient.

CONCLUSIONS {#sec1-5}
===========

Pathologies with ground-glass appearance, brown tumors and cortical bone losses that emerge in the jawbones of the patients receiving dialysis treatment due to chronic renal failure can be evaluated in digital panoramic radiograms.
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